Background: Genetic factors play a role in the etiology of BCR-ABL-negative myeloproliferative neoplasms (MPNs). This study explored the relationship between mutations in the Janus kinase 2 gene (JAK2), MPL, and the calreticulin gene (CALR) in Uygur and Han Chinese patients with BCR-ABL fusion gene-negative MPN and corresponding clinical features. Methods: A total of 492 BCR-ABL-negative MPN patients treated in our hospital from May 2013 to August 2016 were enrolled. Genomic DNA was extracted from peripheral blood and used for PCR amplification and DNA sequencing. Mutations including JAK2 V617F, MPL W515L/K, and those in JAK2 exon 12 and CALR were analyzed and compared with patient clinical characteristics. .0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).
Introduction
The myeloproliferative neoplasms (MPNs) are a group of heterogeneous diseases caused by the aberrant proliferation of bone marrow hematopoietic cells (BMHCs). 1 BCR-ABL-negative MPNs include primary myelofibrosis (PMF), essential thrombocythemia (ET), and polycythemia vera (PV). 2 Prominent clinical symptoms of MPN patients include the overproduction of erythrocytes and blood platelets, splenomegaly, myelofibrosis, and thrombogenesis. 3 Baxter et al. first identified the Janus kinase 2 gene (JAK2) V617F mutation in MPN patients in 2005, 4 and since then the role of JAK2 mutations in MPN has become a hotspot for research. Additionally, calreticulin gene (CALR) and MPL mutations have previously been identified in some ET and PMF patients. 5 As a multi-functional protein, CALR plays an important role in a variety of biological processes including calcium dynamic equilibrium regulation, new synthetic glycoprotein folding, cell proliferation, differentiation, and apoptosis. 6 MPL, the receptor of thrombopoietin, is crucial for megakaryogenesis, platelet production, and hematopoietic stem cell homeostasis. 7 The main population groups in the Xinjiang region of China are Uygur and Han, but it is unclear whether JAK2, MPL, and CALR mutations differ between Uygur and Han MPN patients. In this study, we investigated JAK2, MPL, and CALR mutations in MPN patients of Chinese Uygur and Han nationality, and analyzed the effect of these mutations on clinicopathologic features in the two ethnic groups. 
Materials and methods

Patients and samples
Methods
We collected clinical data from MPN patients, including white blood cell (WBC) counts, and levels of hemoglobin (Hb), platelets (PLT), and lactate dehydrogenase (LDH). We also conducted bone marrow biopsy analysis of myelofibrosis and Acuson 128XP/10 ultrasound detection of thrombogenesis. Genomic (g)DNA was isolated from peripheral blood using the QIAmp DNA Blood Mini blood kit (Qiagen, Hilden, Germany). The extracted gDNA was sent to Sunny Biological Technology (Shanghai, China) for DNA sequencing of mutations. The mutation sites analyzed included JAK2 V617F, JAK2 K539L, JAK2 exon 12 N542-E543del, MPL W515L/K, and CALR L367fs*46 and K385fs*47. Sequencing primers were synthesized as previously described.
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Statistical analysis SPSS 20.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Differences between two groups were evaluated using the t test or Kruskal-Wallis test. Differences between multiple groups were evaluated using oneway analysis of variance. The Chi-square test was used to calculate the significance of enumeration data between two groups. Values of P below 0.05 were considered to be significant. DNA sequencing chromatograms of mutations in JAK2, CALR, and MPL are shown in Figure 1 . The distributions of JAK2, MPL, and CALR mutations in patients with each type of MPN are shown in Figure 2 .
Results
Prevalence
JAK2, MPL, and CALR mutations in MPN patients of Han and Uygur nationality
Among the 429 patients with MPN, 169 (34.35%) had Uygur nationality, and 323 (65.65%) were Han. In Uygur patients, JAK2 V617F and CALR mutations were detected in 39.64% (67/169) and 10.06% (17/169), respectively. No JAK2 V617F or CALR mutations were detected in the remaining 85 Uygur patients (50.30%).
For Han MPN patients, JAK2 mutations were detected in 52.63% (170/323), while CALR and MPL mutations were seen in 20.43% (66/323) and 0.93% (3/323), respectively. JAK2 and CALR mutation rates were significantly higher in Han MPN patients than in those with a Uygur nationality (P ¼ 0.006). However, no significant difference was found in the rate of MPL mutations between Han and Uygur groups. Moreover, the frequency of JAK2 mutations was significantly higher than that of CALR and MPL mutations (P < 0.01) ( Table 1) .
Correlation between JAK2, CALR, and MPL mutations in MPN patients and clinical characteristics
In patients with PMF, significant differences in clinical features, including Hb concentrations and LDH levels, were observed among patients who were JAK2 mutant-positive, CALR mutant-positive, and the JAK2, CALR non-mutation group (F ¼ 8.954; F ¼ 42.351, P < 0.001; and F ¼ 37.954, P < 0.001, respectively). In ET patients, the age, WBC count, Table 2) . In PV patients, the age, WBC count, concentration of Hb, PLT level, and LDH level were significantly different among JAK2 mutantpositive patients and the JAK2, CALR Among Han MPN patients, the level of Hb in JAK2 mutant patients was significantly higher than in Uygur patients (t ¼ 4.773, P < 0.001) while the myelofibrosis rate in the JAK2/CALR non-mutation group was lower than in Uygur patients (v 2 ¼ 8.53, P ¼ 0.01). However, the gender, age, and degree of thrombosis were not significantly different between Han or Uygur JAK2-or CALR-mutant patients. Findings of the statistical analysis are shown in Table 3 .
Discussion
BCR-ABL-negative MPN originates from the aberrant proliferation of BMHCs, and is accompanied by the excessive proliferation of myeloid cells, peripheral blood granulocytes, platelets, and erythrocytes. BCR-ABL-negative MPN patients usually have a higher risk of developing thrombogenesis, myelofibrosis, and acute leukemia than those with the BCR-ABL fusion gene. 12, 13 The molecular pathology of BCR-ABL negative MPN has been closely studied in recent years, with many mutation sites identified as diagnostic targets, including those in JAK2, MPL, and CALR. 5, 14, 15 China has a large population and a wide ethnic diversity, but few studies have investigated the relationship between clinical features and JAK2, MPL, and CALR mutations in BCR-ABL fusion gene-negative MPN patients of different nationalities. However, this work is highly relevant to the clinical diagnosis of BCR-ABL1-negative MPN.
Because of a small sample source, the present study only compared MPN patients of Chinese Han and Uyghur nationalities. We recruited a total of 492 BCR-ABLnegative MPN patients, of whom 169 (34.35%) were Uyghur and 323 (65.65%) were Han. We analyzed the frequency of JAK2, MPL, and CALR mutations, detecting the JAK2 V617F mutation in 47.56% (234/492) of patients, JAK2 exon 12 mutations in 0.61% (3/492), CALR mutations in 16.87% (83/492), and MPL W515L/K in only 0.61% (3/492). These findings were in accordance with a previous study conducted by Ouyang et al indicating that our selection of study cases was representative. 16 In MPN patients of Uyghur nationality in our study, the mutation rates of JAK2 and CALR were 39.64% (67/169) and 10.06% (17/169), respectively, while 52.63% (170/ 323), 20.43% (66/323), and 0.93% (3/323) Han MPN patients harbored JAK2, CALR, and MPL mutations, respectively. This compares with a study by Ojeda et al of 439 BCR-ABL1-negative MPN patients, in which JAK2 mutations were detected in 74.9% of cases, slightly higher than in the Han group. This earlier study also detected a CALR mutation rate of 12.3%, lower than in the Han group, and a MPL mutation rate of only 2.1%, which was not significantly different from that in the Han group. 17 A previous study showed that the JAK2 V617F mutation rate in PV patients ranged from 65% to 98%, which was higher than our detected frequency of only 61.49%. This variation may be caused by population differences among ethnic backgrounds. Indeed, our statistical analysis revealed the JAK2 and CALR mutation rate in patients of Han nationality to be significantly higher than that of Uyghur patients. Han and Uyghur individuals are known to have major differences in eating habits, living conditions, and genetic factors acquired over many years, and we believe that this may contribute to the different mutation rates.
In patients with PMF and ET in our study, the mutation rate of JAK2 V617F was 40.40% to 44.23%, suggesting that differences in JAK2 V617F mutation rates exist among patients with different types of MPN. Moreover, in PMF and ET patients, CALR mutations were the next most common mutation after JAK2 V617F, indicating the importance of JAK2 V617F and CALR mutation detection in the diagnosis of MPN patients, especially those with PMF and ET. Age and Hb and LDH levels were significantly different among JAK2-mutant, CALR-mutant, and JAK2, CALR non-mutation PMF patients, while the age of patients with JAK2 V617F mutations was significantly higher than that of CALR-mutant, and JAK2, CALR nonmutation patients. These results revealed that patients of different ages had different mutations, which is consistent with the findings of Wu et al. 18 Some studies 19, 20 showed that JAK2, MPL, and CALR mutations are mutually exclusive. In support of this, our sequencing data showed that no more than one gene was mutated in the same patient. However, another study detected both JAK2 V617F and CALR mutations in a small number of patients, as well as both JAK2 V617F and MPL W515L/S mutations. 21 Any correlation among the three mutations in MPN patients remains to be identified. Interestingly, the age of the JAK2-mutant group was significantly higher than the CALR-mutant group and the JAK2, CALR non-mutation group in both Han and Uyghur populations. This supports the fact that age, but not nationality, is the key factor associated with JAK2 mutation rate, and is consistent with previous findings. 17 We propose that the higher mutation rate in older individuals reflects physical decline and a weakened immune response. We also compared differences in the parameters of MPN patients with the same mutation from different ethnic groups. These results showed that age, WBC count, and PLT levels were significantly higher in Han patients with or without JAK2 and CALR mutations than in Uyghur patients (P < 0.05). In Han patients with MPN, the level of Hb in those with JAK2 mutations was significantly higher than in Uygur patients (P < 0.05), but bone fibrosis in Han patients with JAK2 or CALR mutations was significantly lower than in Uyghur patients with corresponding mutations. The molecular mechanism underlying this remains to be confirmed.
A limitation of this study was that it did not include all relevant mutation types because of the restricted sample source. Therefore, the sample size should be expanded for further analysis. Moreover, difficulties in follow-up and the lack of relevant research data meant that the survival index was not included in the scope of the study, so should be explored in future work. Finally, only 0.61% (3/492) of Han and Uyghur patients carried MPL mutations, so it was difficult to determine the relationship between MPL mutation rate and clinical characteristics of MPN patients.
In summary, JAK2 and CALR mutation rates in Han MPN patients were higher than in Uyghur patients. Moreover, Han MPN patients harboring JAK2 mutations had higher age, WBC count, and levels of PLT and Hb than Uyghur patients with the same mutations.
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